In lifespan studies of 2,242 rats of three strains, 32 neoplasms were identified in brain, meninges and pineal gland. They were astrocytoma ( 16 Wistar, three Sprague-Dawley), ependymoma (four Osborne-Mendel), meningioma (two Osborne-Mendel, one Wistar), pinealoma (two Osborne-Mendel), reticulosis (two Wistar), oligodendroglioma (one Wistar), and gliomatosis (one Wistar).
There has been a renaissance of interest in brain tumors of laboratory animals with the realization that exogenous and, perhaps, environmental factors may influence their induction and growth [ I , 81. Spontaneous brain tumors in the rat are infrequently reported [ 1 I], often only as case reports or merely tabulated along with the incidence of other tumors. The largest study with morphologic descriptions involved 41,000 Sprague-Dawley rats with 38 central nervous system tumors for an incidence of only 0.09% [9] . Another study of 7,803 Sprague-Dawley rats described 34 brain or meningeal tumors, an incidence of 0.44% [4] . In other reports, three brain tumors were described in 1,100 Wistar rats [2] , and an unusual type of granular cell tumor of the central nervous system was described in 12 aged BN/BI rats [6]. Tabulations of brain tumors in additional reports also indicate a low spontaneous incidence of brain tumors in rats [3, 5 , 10, 12, 14-16] . Our data suggest that the incidence of brain tumors in aged rats is considerably higher than previously reported.
Materials and Methods
Threeto 5-month-old healthy female Osborne-Mendel rats were obtained from the Charles River Breeding Colony (Wilmington, Mass.); female Sprague-Dawley and male and female Wistar rats were purchased from Hilltop Laboratory (Chatsworth, Calif.). The rats were in our laboratory for the remainder of their life span in climate-controlled rooms with filtered air kept at 22 k 1" C and 50 f 20% relative humidity. The Osborne-Mendel and Sprague-Dawley rats were housed in pairs in wire-bottom cages placed in automatically flushing racks equipped with automatic waterers. Wistar rats were housed four to five in a 20-centimeter deep plastic cage with 390 cm2 floor space with Sanicel (Paxton Processing, Paxton, Ill.) bedding and water bottles attached to cages. All rats were fed Wayne Lab-Blox (Allied Mills, Chicago, Ill.) laboratory rat diet with 4% crude fat content. The Osborne-Mendel and Sprague-Dawley rats were on a n experiment with cigarette smoke condensate-beeswax pellets implanted into the lung. The Wistar rats were on low-level radiation studies with inhaled or intravenously 318 @ 0 
injected plutonium. The rats were observed daily and necropsied if found dead, or killed when moribund.
Necropsy included gross examination of the brain in each rat. If a lesion was seen, or if the rat had nervous signs, hematoxylin and eosin (HE)-stained preparations were made. Selected slides were stained with the periodic acid-Schiff (PAS) reaction, Wilder's reticulum stain, or
Nissl methylene-pyronin Y stain.
Results
Thirty-two primary neoplasms of the brain, meninges, or pineal gland were found in 2,242 rats (table I) . Because there was no statistically significant influence of treatment on the incidence of brain tumors in these studies, we have included brain tumors from both control and treated groups. Only three tumors had metastasized to the brain, with the exception of several rats with leukemic infiltrations. There was no correlation between brain tumors and primary neoplastic or non-neoplastic lesions in other organs. We have not included in this report pituitary tumors or tumors of the spinal cord or peripheral nerves. Signs of posterior paralysis, head tilt, circling, or convulsions frequently were seen, although some rats were simply found dead. No attempt was made to correlate clinical signs with the morphology of the brain tumors.
Astrocytomas occurred in periventricular areas or seemed to extend from periventricular areas into the basal ganglia of eight rats, the thalamus of five rats, the cerebral cortex of three rats, the hippocampus of one rat, and the cerebellum of one rat. One mass in the midbrain did not have contact with a ventricle. They were up to 1 centimeter in diameter, poorly circumscribed and frequently extended into adjacent nervous tissues or perivascular spaces. These neoplasms were composed of irregular masses of densely packed proliferating pleomorphic cells. In most tumor cells, the nuclei were round to slightly indented with an even distribution of chromatin and inconspicuous nucleoli. These cells had homogeneous, slightly basophilic cyto- plasm evenly surrounding the nuclei or with slight bipolar tapering away from the nuclei. Other tumor cells had round denser nuclei with less cytoplasm. The larger tumors generally had more pleomorphic cells. Mitotic figures were usually numerous. The central areas of neoplasms frequently had slight coagulative necrosis and foci of dystrophic calcification. Six of the tumors had randomly distributed large cells with bright eosinophilic cytoplasmic granules that stained positively with PAS ( fig. 1) .
The malignant ependymomas ( fig. 2) were up to 1 centimeter in diameter and surrounded a lateral ventricle in three rats and replaced the midbrain in another rat. They were composed of densely packed large cells with evenly distributed nuclear chromatin surrounded by homogeneous slightly basophilic cytoplasm and distinct cell membranes. Some tumor cells appeared to arise from intact areas of ependyma and numerous pseudorosettes of tumor cells were present. Small areas of coagulative necrosis, focal hemorrhage, and cholesterol clefts were in the center of some ependymomas.
Each of the three meningiomas had .a distinctive appearance. The largest, about 0.8 centimeter in diameter, on the dorsal surface of the cerebrum, was composed primarily of an irregular proliferation of bundles of spindle-shaped cells mixed with fig. 3 ). Another meningioma, about 0.5 centimeter in diameter, was a well-circumscribed mass growing dorsally from the ventral cerebral meninges and was composed of whorls of spindle-shaped cells; large areas of hemorrhage were in the tumor. The smallest meningioma, about 2 to 3 millimeters in diameter, filled the dorsal sulcus between the cerebrum and cerebellum. It was composed of dense, collagenous-appearing spindle cells that extended ventrally into cerebral sulci and were associated with small foci of dystrophic calcification.
An oligodendroglioma was in the cerebrum of one rat, with a small area of hemorrhage along the surface of one cerebral hemisphere. Microscopic examination showed a well-circumscribed mass about 0.5 centimeter in diameter that had expanded, causing edema and vacuolation of surrounding tissues. The mass was composed of small round cells with dense nuclei surrounded by clear cytoplasm and clear intercellular space ( fig. 4) The two rats with neoplastic reticulosis had many homogeneous dense round cells diffusely distributed in the cerebral meninges and extending into perivascular spaces and adjacent cerebrum, with extensive focal necrosis ( fig. 5 ). Wilder's reticulum stain demonstrated aggregates of round cells separated by reticulum fibers that occasionally extended between individual tumor cells.
The two pinealomas, although not strictly classified as brain tumors, are included in this report because they are rarely reported. The pinealomas, which were composed of densely packed epithelial cells arranged as in an endocrine gland, were in the dorsal surface of the brain in the area of the pineal gland ( fig. 6) . The large areas of hemorrhage commonly seen in murine pituitary adenomas were not present. The single case of gliomatosis consisted of a diffuse increase in the number of glial cells in the medulla oblongata, with some aggregation of cells in perivascular areas ( fig. 7) . Although the proliferation of glial cells seemed to be primary, the possibility that it was in response to an unknown injury could not be ruled out.
Discussion
The rather high incidence of brain tumors in the three strains of rats we examined suggests that they occur more frequently than previously reported in the literature. It is reasonable to assume that the incidence of brain tumors in the rat is even higher than we reported, since all brains were not examined microscopically. The estimated 2% incidence in man for tumors associated with gross lesions or clinical signs is compatible with our reported incidence when we used similar criteria for microscopically examining the brain [13] . We did not routinely examine spinal cords in our studies. Although tumors of peripheral nerves were seen, we did not find any tumors of the trigeminal nerve such as have been experimentally induced [ 11. The classification of brain tumors in animals is frequently controversial [7] . Although the cells of astrocytomas were pleomorphic, we excluded such terms as "mixed glioma" because the primary cell types were astrocytes and the pleomorphism was considered as various stages of differentiation. The PAS positive granular cells in some astrocytomas may represent hyaline degeneration but their further study could aid in clarifying the histogenesis of these tumors. The oligodendroglioma and gliomatosis were of uniform cell types. The ependymomas, meningiomas, and pinealomas were identified by their cellular patterns and anatomic relationships. The neoplastic reticulosis probably arose from perivascular polyblasts of mesodermal origin and these are sometimes classified as cerebral lymphomas or meningeal sarcomatosis.
The occurrence of periventricular areas as predilection sites for spontaneous brain tumors is of special interest to the experimental neurooncologist. Because the periventricular areas have precursor cells responsive to experimental carcinogens, similarities in origin between spontaneous and experimentally induced brain tumors provide increased relevance to experimental studies. Experimental carcinogens could be increasing the incidence ratio of experimental to spontaneous tumors, rather than inducing qualitative changes. If the incidence ratio is altered in one species, the question arises as to whether a similar ratio could be extrapolated to analogous brain tumors in other species such as man. 
